utilizing the Advance Research Projects Agency Long-Range Tracking and Instrumentation Radar (ALTAIR; Marshall Islands). The 430 MHz Arecibo Observatory (AO) radar by Janches et al. (2000a) provided direct Doppler instantaneous meteor velocity measurements clearly associating the meteor head-echo with a region of plasma moving at the speed of the meteoroid. Janches et al. (2000b) utilized AO via measurements of micrometeor decelerations to estimate micrometeoroid sizes and masses. Mathews et al. (2001) used these results to estimate the mass flux into the upper atmosphere for the mass range accessible to AO. Hunt et al. (2001) and Close et al. (2002) performed similar studies using ALTAIR dual frequency (VHF/UHF) observations during the Leonids 1998 storm. Nishimura et al. (2001) reported high sensitivity radar-optical observations of faint meteors utilizing the Middle and Upper atmosphere radar in Japan and Janches et al. (2002) reported tristatic UHF meteor observations (EISCAT northern Scandinavia). Similar observations were also reported by Heinselman et al. (2001) (1290 MHz Sondrestrom radar, Greenland) and Ericksson et al. (2001) (440 MHz Haystack Observatory Massachusetts, USA) which detect a similar meteoroid mass range to ALTAIR.
The transverse scatter continuous operation facility AMOR with installation of an enhanced phase capability now produces an independent meteoroid speed measurement while directional switching has enabled a more complete surveillance of the celestial sphere (Baggaley, Marsh et al. 2001) . Webster et al. (2001) describe a meteor radiant mapping system; a new technique of Fresnel holography for delineating small scale structure and fragmentation was presented by Elford (2001) .
The meteor velocity distributions reported by Janches et al. (2001) seem to be dominated by a high speed component (peak ~ 50 km/sec) Similar results were discussed by Sato et al. (2000) utilizing the MU radar and utilizing the AL-TAIR system. High velocity distributions seem to be consistent in all HPLA observations (Sato 2000; Ericksson 2001; Hunt 2001; Janches 2001; . A consistent result among HPLA radars is that they detect mostly the sporadic meteor background and are not sensitive to meteor showers (Sato 200; Brown 2001; Ericksson 2001; Janches 2001 Janches , 2002 Pellinen-Wannberg 2001) .
Plasma instabilities of meteor trails have also been observed and studied. Zhou et al. (2001) reported field aligned irregularities using the MU radar. Oppenheim et al. (2000) presented simulations showing that meteor trails are Farley-Buneman gradient drift unstable, and that the instability leads to plasma turbulence. Dyrud et al. (2001) demonstrated that instability leads to an anomalous cross field diffusion that can be an order of magnitude larger than theory expected. Dyrud et al. (2002) showed that the delay between head echo and non-specular trails in the ALTAIR data resulted from the time scale for the establishment of plasma turbulence, and that meteor trails are unstable over a limited altitude range, as also clearly shown in observations of non-specular trails.
Electro-Optical Observations (R.L. Hawkes and S. Molau)
Hawkes et al. (2001) describe work and the use of inexpensive unintensified CCD meteor camera and digital recording techniques as do Brandstrom et al. (2001) and Jiang & Hu (2001) . Two software solutions which have been developed for automated detection and analysis of electro-optical meteor observations (MetRec by S. Molau and MeteorScan by P. Gural) are both in widespread use now and were key to the analysis of the large amount of data generated by the various Leonid campaigns. and investigated a hybrid video-human observer method for meteor detection. Koschny & Sender (2000) compared results from ground and airborne instruments. The combination of powerful detectors and automated software has permitted the development of systems to provide early warning systems to satellite operators (e.g. , Treu et al. 2000 . Video detectors and automated software are now being routinely used in fireball networks (e.g. Beech & Illingworth 2001a,b) , and occasionally serendipity surveillance video records can result in fireball orbits (e.g. Docobo k Ceplecha 1999; Pedersen et al. 2001) or other scientifically important information (Murphy & Sanders 2000) . MeteorSim (Monte Carlo simulation based software developed by P. Gural) has provided a new tool to calibrate video meteor observations and determine meteoroid flux values (Gural k Jenniskens 2000; Molau et al. 2002) . For the first time meteor shower activity is monitored on a regular basis throughout the year using video technology and automated detection (Molau 2000 (Molau , 2001 Nitschke 2001) . Almoznino k Topaz (2000) and Jenniskens et al. (2002b) used intensified CCD system sensitive in the ultraviolet to study Leonid meteors. High definition television spectroscopic results for the Leonids were reported by Abe et al. (2000) . Kozak et al. (2001) studied spatial and photometric analysis algorithms for application to video meteor work.
Extensive campaigns on the Leonids include: 1998 Leonids - Borovicka et al. (1999) , , Murray et al. (1999) , Pawlowski (1999) , Campbell et al. (2000) , Bone k Evans (2001); Leonids -Molau et al. (1999 , , Gural k Jenniskens (2000) , , , Murray et al. (2000) , Rendtel et al. (2000) , Singer et al. (2000) , Campbell et al. (2001) Watanabe et al. (2002) . Fine structure in the Leonid activity profiles was reported by (Singer et al. 2000) . The physical structure, grain size and mode of ablation of meteoroids have been studied by Murray et al. (1999 Murray et al. ( , 2000 , Koten k Borovicka (2001) , Campbell et al. (2001) , Fisher et al. (2000) and Hawkes et al. (2001) . Jet-like ablation features on some fast high Leonid meteors were reported by LeBlanc et al. (2000) , Spurny et al. (2000) and by Taylor et al. (2000) . The physical mechanism responsible for this transverse spread is not yet completely understood. Koten et al. (2001) found that extreme beginning heights are not restricted to Leonid meteors. Hawkes et al. (2002) (2000) and Pawlowski et al. (2001) have used a long focal length 3 m diameter liquid mirror telescope coupled to a video rate intensified CCD to study very faint small-mass Leonid meteors and provide a technique for studying meteor ablation at high spatial resolution. Video rate CCD detectors have been used to study meteoroid impacts on the darkened lunar surface (Bellot Rubio et al. 2000a ,b, Ortiz et al. 2002 , Yanagisawa k Kisaichi 2002 , Artemeva et al. 2001 . ; on hypersonic aerodynamic, equilibrium, chemically-reacting air temperature computations (Thames et al. 2000) ; on transitional to free molecule flow effects (Popova et al. 2001) , on meteoroid explosions and on the general problems of meteor and bolide modeling (Kruchynenko, 2001 . Associated formal errors have also been calculated for each cumulative bolide source energy category using globally available infrasonic array data. A cumulative, yearly average event was found to be 13-15 kt in good agreement with other methods. Pedersen et al. (2001) discussed the Greenland superbolide of Dec 7, 1999; the very weak and low bulk density carbonaceous chondrite, Tagish Lake (fifth meteorite orbit) was discussed by , by Brown, ReVelle & Hildebrand (2001) , and by Brown et al. (2002) . present fall data for the recent Neuschwanstein meteorite fall (seventh meteorite orbit). The Neuschwanstein meteorite fall has an orbit identical to that of the first recovered and photographed meteorite, Pribram, and confirms the presence of meteorite streams in near-Earth space (along with the Innisfree-Ridgedale connection determined earlier with data from the Candian MORP network). Several recent cases now exist of bolides detected simultaneously using satellites (with both optical and infrared recordings in some cases), by video cameras, by conventional all sky and guided camera systems, by ground-based radiometers and by using infrasonic IMS (International Monitoring System) and other arrays in Europe. The Moravka meteorite fall (May 6, 2000) was recorded in greater detail than any meteorite-producing fireball in history as reported by Borovicka et al. (2000) and ranks as the sixth meteorite whose orbit is precisely determined. The IAU Meteor Data Center established for archiving, documentation and dissemination of information on meteor orbits at present catalogues 4581 precise photographic orbits, 1451 video orbits and 63330 radar determined orbits (Lindblad 2001) . The MDC database of photographic orbits has gradually been updated , all the orbits were recomputed and verification of mutually dependent parameters has been performed. All the files with the pertinent documentation will be placed on a www-site to enable their free downloading.
The largest contribution to archived meteoroid orbits remains the meteor radar AMOR in New Zealand, with a limiting magnitude of about +14, yielding up to 10 3 orbits per day. describe the solar system dust cloud orbit survey achieved with this continuously operating facility. The inflow directions of extra-solar meteoroids has been delineated (Baggaley 2000; Baggaley & Galligan 2000) with identification of probable sources. Orbital distribution of interplanetary dust particles using the Arecibo Observatory (AO) radial geometry system has been reported by Janches et al. (2001) . Meisel at al. (2002) reported a sample of AO detected events with hyperbolic orbits and inferred a supernova event as responsible. Baggaley & Neslusan (2001) Betlem & van Mil (1999) , Bus (1999b Bus ( , 2000 , deLignie et al. (2000), and Uchiyama (2002) The Leonids were observed from space , from air in the international Leonid Multi-Instrument Aircraft Campaign (Jenniskens k Butow 1999; and from the ground (Betlem 1999; Betlem et al. 2000; Campbell et al. 2001; Brosch et al. 2001; Babina et al. 2000; Cevolani et al. 2000; McBeath (2000) Watanabe et al. 2000 Watanabe et al. , 2002 Wu 2001 and Wu et al. 2001) . McNaught (1999) and McNaught k Asher (1999b) discussed aspects of the observing conditions. A theme of many campaigns was providing rapid information on shower activity, including near-real time flux measurements for satellite operators (Treu et al. 2000) . Global visual observations are summarized in Arlt k Brown (1999) , Arlt et al. (1999) , Arlt k Gyssens (2000), and . Absolute calibration of flux measurements is discussed by Holman k Jenniskens (2001), Belkovich et al. (2000) , Jenniskens (1999b) , , , Campbell et al. (2001) and Gural (2001) . A review on the satellite impact hazard of meteor showers is given by Jenniskens (1999a) The smallest meteoroid grains in the dust trail are responsible for the scattered light from Leonid debris in space (Nakamura et al. 2000) . Ground-based observations of faint Leonid meteoroids are discussed by . Jenniskens k Betlem (2000) discuss the formation of the Leonid filament component. Detections at ELF/VLF of faint Leonid meteors are reported by Price k Blum (2000) .
The biggest meteoroids in the stream (Toth et al. 2000 ) may contribute to the extended Moon's sodium atmosphere, which was detected during the Leonids in 1998 Arlt (2000) and Rendtel (2002) discuss the June Bootids in years after the 1998 outburst. Fujiwara et al. (2001) described TV observations of 1998 Giacobinids, while Bus (1999a) presents radio observations. Arlt k Handel (2000) detected no new peak in 2000 Perseids. The Perseids' long term activity was studied by Lindblad (2000) . The Lyrid annual shower activity curve was measured by Dubietis k Arlt (2001) . Features of various minor showers were determined from data analyses by Dubietis (2001) , Dubietis k Arlt (2002) , Kidger (2000) , Meng (2002) and Olech k Wisniewski (2002) . Ryabova (1999 Ryabova ( , 2001 ) discusses the age of the Geminid stream, and calculations of showers due to other parent bodies were published by Babadzhanov (2001) , Hasegawa (2001) , Neslusan (1999) and Ryabova (2002) .
9. Aeronomy (W.J. Baggaley and E. Murad) Work on the Leonid meteor storm circumstances (Asher 1999; Asher et al. 1999a,b; Brown 1999; Rao 1999 Rao , 2000 accompanied campaigns to observe the expected storms (Jenniskens 2001; Jenniskens k Butow 1999; Wu k Zhang 2002) .
An important component of the aeronomy aspects has been the attempt to develop a full meteor model that begins with a source function of meteor flux, ablation, and interaction of meteoroids with the atmosphere, resulting in the generation of trails and in the population of the equilibrium metal (ions and neutrals) layer in the D-and E-regions of the ionosphere. A modeling effort that combined a chemical scheme with a global transport model (Carter k Forbes 1999) was limited to meteoric Fe and used an empirical metal source function was successful in predicting altitude and latitude variations.
The called differential ablation model of McNeil et al. (1998) has been successful in reproducing the abundances of metal ions in the normal D-and E-regions, and, more importantly, in explaining the observed abundances of metals in lidar observations of meteor trails (Hoffner et al. 1999; von Zahn et al. 1999) .
This model (which ignored thermal conductivity) is applicable to meteoroids that are relatively small. Other efforts at modeling have assumed that the meteoroids reheated to high temperatures so quickly that flash evaporation occurs before thermal equilibrium is established (Helmer et al. 1998; Kruschwitz et al. 2001; Plane et al., , 1999a . This type of model has also been quite successful in explaining trail observations using lidar techniques (Eska et al. 1999; Gerding et al. 2000; Plane et al. 1999b ). An attempt has been made to include effects of the aurora on the meteor metal abundances in polar region (Heinselman 2000) . The formation of thin (1-2 km) sudden meteor atom layers (first reported for sodium by von Zahn et al. 1987 and reviewed by Plane & Helmer 1994) have been expained by as the formation of N a + cluster ions t h a t switch with O atoms, eventually being neutralized in a descending sporadic E layer.
Modeling the vaporization and heating of meteoroids as they enter the Earth's atmosphere has used Monte Carlo techniques (Boyd 2000; Popova et al. 2000) . The former considered evaporation from large non-fragmenting meteoroids with particular application to the Leonids. This simulation found t h a t the vaporized material forms a gaseous envelop that shields the meteoroid surface from direct impact by atmospheric gases. In the second study (Boyd 2000) similar results were obtained for a Leonid meteoroid. The geomagnetic control of meteor train diffusion has been compared with observations by Elford &: Elford (2001) .
Because of interest in the Leonid storms of 1998-2001, several observations were made of the phenomenon of enduring and hollow trains (Chu et al. 2000; Clemesha et al. 2001; Grime et al. 2000; Jenniskens et al., 2000a,b,c; Kelley et al. , 2002 Kruschwitz et al. 2001; Drummond et al. 2001a,b; Russell et al. 2000; Zinn et al. 1999) . Most of the observations related to the larger meteoroids representative of the Leonids and it is likely that shock formation has to be taken into account for the explanation of the observations. Most of the observations report an orange glow and, where spectral information is available, Na is reported. The d a t a reported by Zinn et al. (1999) were obtained for two persistent trails that exhibit the phenomenon of a hollow t u b e explained as arising from the depletion of ozone by its flash photolysis within the t u b e -only Na exposed to the atmosphere at the periphery of the trail can undergo chemiluminescent reactions that give rise to Na(D). The data presented by Chu et al. (2000) and confirm the presence of Na; the former also report the presence of O H chemiluminescence in the trail. present a spectrum that suggests that FeO is one of the emitters. Murad (2001) suggests that FeO, SO, and SO2 may all contribute to the chemiluminescence. Clearly high resolution spectra similar to those obtained by Borovicka & Jenniskens (2000) , who reported emission lines due to a large number of metals, will have to be obtained before proper analysis of the phenomenon can be made. Arlt, R., & Brown, P. 1999, WGN, 27, 267 Arlt, R., Bellot-Rubio, L., Brown, P., & Gyssens, M. 1999 , WGN, 27, 286 Arlt, R. 2000 , W G N , 28, 98 Arlt, R., & Gyssens, M. 2000 , WGN, 28, 195 Arlt, R., & Handel, I. 2000 , WGN, 28, 166 Arlt, R. 2001 Arlt, R., Rendtel, J., Brown, P., et al. 1999, MNRAS, 308, 887 Arlt, R., Kac, J., Frumov, V., Buchmann, A., & Verbert, J. 2001 , WGN, 29, 187 Artemieva, N.A. & Shuvalov, V.V. 2001 , J. Geophys. Res. 106, 3297 Artemeva, N.A. et al. 2001 of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0251107X00001437
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